Induction of nephrin gene expression by selective cooperation of the retinoic acid receptor and the vitamin D receptor.
Nephrin is a key molecule involved in the structure and function of the slit diaphragm in the glomerulus. We previously reported that all-trans retinoic acid (ATRA) and 1,25-dihydroxyvitamin D(3) [1,25(OH)(2)D(3)] induced expression of nephrin in murine podocytes. In this report, we investigated roles of the retinoic acid receptor (RAR), the retinoid X receptor (RXR) and the vitamin D receptor (VDR) in the regulation of the nephrin gene. Reporter podocytes were treated with agonists and/or antagonists of RAR, RXR or VDR, and activities of the nephrin gene promoter, the retinoic acid response element (RARE) and the vitamin D response element (VDRE) were evaluated. Expression of nephrin in podocytes was up-regulated by ATRA and 1,25(OH)(2)D(3). The nephrin gene promoter was also activated by these agents, which was mediated by RAR and VDR, but unexpectedly, not by RXR. ATRA-triggered, RAR-mediated activation of the nephrin gene promoter was not suppressed by the VDR antagonist. Similarly, ATRA-induced activation of RARE was not inhibited by the VDR antagonist. In contrast, the 1,25(OH)(2)D(3)-triggered, VDR-mediated activation of the nephrin gene promoter was significantly suppressed by the RAR antagonist, but not by RXR antagonists. Interestingly, 1,25(OH)(2)D(3)-induced activation of VDRE was not inhibited by the RAR antagonist. These results suggested selective cooperation of RAR and VDR in the regulation of the nephrin gene, i.e. (1) ATRA induces nephrin gene expression via RAR independently of RXR and VDR and (2) 1,25(OH)(2)D(3) induces nephrin gene expression via selective cooperation of RAR and VDR, which is independent of RXR.